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Abstract 
Lateral propulsion unit is the propeller mounted on the side of the ship, the lateral force in the rotary side generated by the propulsion device 
can reduce the ship's turning radius, so the yaw of low voyages will not happen. By adjusting the pitch angle of the propeller, the adjustable 
pitch for lateral propulsion device can change the size and direction of the lateral thrust. The device assembly technology has great significance 
in improving assembly quality, shortening cycle and reducing the cost of production assembly. This paper attempts to use the secondary 
development tools of UG, and the Vis-VSA software to design an adjustable pitch propeller assembly tolerance analysis system for tolerance 
problems in the assembly of thruster. On the one hand, there are studies on the information extraction algorithms of the thruster assembly 
model in UG, and management of the extracted assembly feature information in SQL Server2008.On the other hand, there are some researches 
about the method of generating assembly dimension chains based on the assemble information database. Based on the study aforementioned, 
the tolerance analysis of Monte Carlo method for the assembly dimension chain is fully illustrate. Finally, the optimal tolerance design is 
obtained by calling Vis-VSA module to analyse assembly tolerance. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of 13th CIRP conference on Computer Aided Tolerancing. 
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Introduction 
The main function of adjustable pitch lateral propulsion 
device is to produce lateral thrust as well as changing the 
propeller pitch angle adjustable by electro-hydraulic control 
system, thus the heading of the ship can be controlled by 
changing the size and direction of the lateral thrust. As a 
precise ship course control device, thruster requires high 
accuracy in design and installation. The quality and efficiency 
of its assembly has significant impact on advancing the 
performance, reliability, and longevity and power efficiency 
of device. Currently, the design technology of thruster device 
has matured, while most studies are designed for the thruster 
propeller. Huazhong University of Science and Technology 
has studied how to use CAD / CAM combined with VC + + 
program to generate blades automatically[1], Dalian 
University of Technology has designed a propeller blade 
gravity detection system, which based on the balance of 
torque ,momentum, and the spatial geometries[2]. Carlton J 
has studied the design technology of the marine propeller 
systematic referred in the book of Marine propellers and 
propulsion [3].There are more studies of the assembly process, 
for instance, Nanjing University of Aeronautics and 
Astronautics has not only studied an assembly sequence 
generation method combining assembly experience 
knowledge and cut set, but also assembly sequence evaluation 
for the propeller based on the fuzzy theory analysed [4]. 
However, Thruster assembly tolerances systems have not 
been studied adequately, and the related studies are as follows: 
Zhejiang University has studied using MDT and Solidworks 
as a development platform, combining the MCAD API, 
Object APX with VC6.0 and VB to develop  analysis system 
on the basis of variation geometric tolerance constraints 
theoretical[5]; A new method, called the Direct Linearization 
Method (DLM), is presented by Brigham Young University 
for tolerance analysis of 2-D mechanical assemblies which 
generalizes vector loop-based models to include small 
kinematic adjustments[6]. Jilin University has studied the 
architecture tolerance design of the car door based on Vis-
VSA software [7], but they did not combine information with 
management of assembly to form tolerance analysis system; 
China Academy of Engineering Physics has developed "XXX 
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assembly and analysis used in virtual reality system" by Vis-
VSA and achieved  universal method for three-dimensional 
CAD model of heterogeneous tolerance analysis[8], but it  
cannot generate  the assembly dimension chain and store 
assembly information automatically ; Shenyang Aerospace 
University has studied the development of aviation engines on 
the IOS platform digital assembly tolerance analysis system 
that can extract the assembly information, and stored it in a 
database, then using structure-based in the database to 
generate dimension chain automatically[9], but its tolerance 
analysis results cannot  give the contribution factor to  the 
composition loop and process capability coefficient. In this 
paper, UG secondary development tools combined with 
professional tolerance analysis software Vis-VSA are used to 
develop a tolerance analysis system for the thruster assembly. 
The aim is to extract and store the assembly information by 
taking full advantage of the secondary development function 
of UG, and based on assembly feature information stored in 
SQL Server 2008 database, automatic generation of assembly 
dimension chain using search algorithm, and then call Vis-
VSA design tolerance analysis module to complete the 
analysis and optimization of the dimension chain. 
2. Information management of assembly model feature 
The management of assembly information includes the 
feature extraction and storage. Using the UG secondary 
development tools to write feature extraction algorithm and 
storing the extracted feature information into SQL Server 
2008 database to provide information base for the automatic 
generation of dimension chains. 
2.1 Information extraction  
Various parts of the thruster assembly model compose a 
tree structure in UG. The entire assembly file is an assembly 
tree, with only one root node of assembly. Assembly file node 
information have three kinds of statements: the component 
prototype, component event and component instance. 
Component prototype is a model for the parts which have 
already been built, and it contains all components data. 
Component event exists only in assembly environment. It is a 
reference from assembly model to component prototype that 
is a pointer pointing to the component prototype. Component 
instance is used to describe a hierarchy among each assembly 
node, and characterize assembly relationships of the various 
components in the assembly model. 
To obtain information for all nodes in the assembly tree 
file by traversing the entire assembly tree structure, the 
systems researched in this paper attempts to achieve this 
functionality by using a depth-first method of UF UG function 
[10]. Firstly, the use of information extraction UF_ ASSEM 
_ask _root _part _ occ () to get assembly roots note, and reuse 
UF _ASSEM _ask _root _part _occ_ children () to get the 
sub-components of the root note, and then using the function 
repeatedly for each sub-component to obtain its 
subcomponents, until far into the most bottom of the sub- 
components. The functions used in the algorithm also include 
UF _ASSEM _ask _work _ component _data () which have 
access to detailed data of assembly components and UF 
_ASSEM _ask _occs _of _entity () to traversal the all 
geometric objects of component event and so on. Information 
extraction algorithm flow chart is shown in Fig 1. Information 
extracted includes the name of parts, the number of 
occurrences in the assembly, the assembly position and 
posture and assembly characteristics. 
begin
The assembly root node obtained by 
UF_ASSEM_ask_root_part_occ()
The child nodes obtained by 
UF_ASSEM_ask_root_part_occ() 
Feature information 
stored in the database
Is  there a child node?
Traversal end
Y
N
end
 
Fig.1. assembly information extraction algorithm flow 
2.2 Information storage 
In order to store the information of assembly model into 
the database, first we need to transform the assembly 
information into a database table. On the basis of tolerance 
analysis, this paper established a database for the dimension 
chain. The information in the database including part 
information and assembly constraint information from the 
assembly model. Information of parts includes part feature, 
dimensional tolerances and characteristics coordinate; 
assembly constraint information refers to the constraint and 
coordinate of parts and features. Therefore, the establishment 
of a database includes part feature information table and 
assembly constraint table. 
Information stored in the part feature information table 
includes part name, dimension value, tolerance and the 
coordinates on reference coordinate system. Its role is to 
extract the dimension constraints and generate tolerance 
design functions. What’s more, it can use the coordinates to 
obtain the position of the assembly dimension chain diagram, 
and determine whether the dimension loop should be 
increased or decreased. The assembly constraint table is used 
to store parts and features coordinate information. When there 
is a coordinate relationship between two parts or features, it 
will store the corresponding name into the table. This table is 
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the judgment basis for the dimension chain generated 
automatically. 
3. Automatic generation of assembly dimension chain 
The systems which generate dimension chain automatically 
is composed of the assembly feature information database, 
search algorithms, input and output. The database contains 
relative information on the assembly drawings for each 
dimension. The search algorithm is used to generate 
dimension chains automatically. The input data of the system 
includes the beginning and end elements for a closed link and 
search direction. Search all dimensions correspond to the 
closed link formed a closed chain in the database. Then, the 
output of dimension chain generated automatically is a design 
function of the dimension chain.  
Judge increase or decrease 
of the size which 
constituted by two elements 
and add to the chain of the  
dimension function
begin
Enter  the Beginning 
and end  elements of 
the closed loop
Determine the search 
direction
Search elements Which 
form  a dimension With 
former in the direction 
of the search 
Is it find?
Y
N
N
Y
The system prompt  
not constitute a 
dimension chain
Output  the shortest 
dimension chain 
function 
End
Is it the end 
of  closed loop 
element?
 
Fig.2.automatic generation process of dimension chain 
3.1 Generation theory 
The System automatically generate the dimension chain by 
using depth-first search algorithm based on assembly feature 
information database [11]. According to the two elements, the 
beginning and the end of the closed link, which input by users, 
the search program automatically finds the same elements 
with the closed link starting in the database first, when 
completed, the search program continue to search another 
element ,associated  with  belongs parts in the search direction. 
The process will not terminate until the end elements of the 
closed link in the chain are found and the dimension chain 
design function is outputted. If the associated element for one 
of the elements cannot be found in the database, the system 
will prompt that the closed link given cannot constitute a 
dimension chain. 
3.2 Generation process 
Dimension chain automatically generate process includes 
the designating the closed link, setting the search direction , 
judging the trend of increase or decrease of the composition 
loop, and giving the dimension chain design function and so 
on. Flow chart is shown in Fig 2. 
The beginning and end of the closed link are inputted from 
the interactive interface and the direction of the search is 
specified through the coordinate value of the database. Regard 
the starting point to the end of the closed link as the reference 
direction, when a search starting point and the beginning of 
the next dimension loop are the same, it is an increasing link. 
Whereas, it is a decreased one. When finding the elements of 
the closed link the search is completed and the system will 
automatically give the design function of the dimension chain. 
4. Assembly tolerance analysis 
The tolerance analysis module of the system is designed by 
the specialized tolerance analysis software Vis-VSA[12], 
which can give a set of professional analysed 
factors ,including closed link mean, variance, the contribution 
factor of each component loops, process capability factor. 
Thus it is user-friendly to optimize tolerance solutions. 
4.1 Theoretical basis 
Theoretical basis of the tolerance analysis for the system is 
Monte Carlo method whose basic principle is illustrated as 
follows: when the problems to be solved want to acquire the 
probability of a certain event or expectation of some random 
variables, a sample mean or the probability of an event 
occurring can be obtained by sampling test methods, and puts 
them as a solution to the problem [13]. Since the majority of 
the assembly process tolerances are normal distribution or 
rectangular distribution, Monte Carlo method is commonly 
used in simulation. Mean and standard deviation are 
commonly used to describe the normal distribution, and 
distribution density function are expressed as follows: 
Density function: 
݂ሺݔሻ ൌ ଵ
ξଶగఙ
݁ି
ሺೣషೠሻమ
మ഑మ                                                              (1) 
Distribution function: 
	ሺሻ ൌ ଵ
ξଶగఙ ׬ ݁
ିሺೣషೠሻ
మ
మ഑మ ௗ௧௑ିஶ                                                     (2) 
Theݑ is the mean and the σ is the standard deviation in the 
formula. The points are credible if their value are within ± 3ߪ 
(99.73%), or the points are bad if their value are exceeding 
(0.27%) of the range. And the process capability factors 
ܥ௣andܥ௣௞are used as a measure of process capability on this 
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basis. The define formulas of process capability factors are as 
follows: 
ܥ௣ ൌ ೠ்
ି்೗
଺ఙ                                                                              (3) 
ܥ௣௞ ൌ ܥ௣ሺͳ െ ݇ሻ                                                                  (4) 
݇ ൌ ȁ ೠ்ା்೗ିଶఓȁ்                                                                        (5) 
In the above formula ௨ܶ and ௟ܶ  are the upper and lower 
tolerance limits, and theܶis the tolerance value. The process 
capability factors evaluation criteria table is shown in Table 1. 
The factor is one of the important basis for tolerance 
optimization program in this paper. 
Table 1. Rating standard table of Cpk 
grade range Evaluate Improvements 
A++ Cpk≥2.0 Premium Considered to reduce costs 
A+ 2.0˚Cpk≥1.67 Excellent It should be kept  
A 1.67˚Cpk≥1.33 Good Ability is good, but should 
try to improve the grade of 
A + 
B 1.33˚Cpk≥1.0 General State in general, a variety 
of resources and methods 
should be promoted to 
Grade A 
C 1.0˚Cpk≥0.67 Poor More bad process must 
improve its ability  
D Cpk൏0.67 Unacceptable It should consider re-
design process 
4.2 Software Design 
Tolerance analysis process of the system which is based on 
the Monte Carlo method is shown in Fig 3. 
5. Analysis Applications 
Tolerance analysis system of this study is divided into the 
database building module and the tolerance analysis module. 
Information extraction and storage, assembly dimension chain 
generation constitute the database building module. The 
module calls UG secondary development tools UG / Open 
API to complete the transmission of information with SQL 
Server2008, and create a custom menu of system through the 
UG / Open Menuscript and create a system of human-
computer interaction dialog through the UG / Open UIStyler 
[14]. The tolerance of dimensional chain has been optimized 
by software Vis-VSA in tolerance analysis module, and the 
system has been used successfully in the assembly tolerance 
analysis of lateral adjustable pitch propulsion. 
Assembly model 
imported into Vis-VSA
Set the number of 
simulations N
Uniformly distributed random 
numbers generated 
and random sampling in 
accordance with its distribution
Solving assembly 
tolerance function
Is it reach N?
Is there a problem of 
analysis?
Output analysis results
Output model
Y
N
N
Y
begin
end
 
Fig.3.Tolerance analysis process 
5.1 Information storage 
There are fifty-six major component parts of thruster such 
as propeller shaft, vertical shaft, yoke, and propeller. The 
assembly drawing in UG of the device is shown in Fig 4. 
 
Fig.4. three-dimensional drawing of thruster assembly 
The assembly structure of device can be divided into the 
paddle shaft, vertical shaft, shell, pitch lever, and the propeller 
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tail. The assembly tree structure diagram extracted by system 
is shown in Fig 5. Occ-tag-1to Occ-tag-6 are component event 
which is the pointers pointing to the prototype. Occ-tag-1 is a 
root of assembly, and the Occ-tag-2 to Occ-tag-6 are pointers 
which point to the five sub-assembly such as paddle shaft, 
vertical shaft. Ins-tag-1 to Ins-tag-5 are components examples 
and express the relationship of five sub-assembly which 
corresponds to associated assembly root. Similar hierarchies 
and structures exist in five sub-assembly with lower parts. 
The assembly relationships information of device is shown 
in Fig6. Digit number represents parts of thruster and short-
term between the numbers of parts represents there has 
assembly relationship exists in the parts connected in the 
figure. 
Occ-tag-1
Ins-tag-1 Ins-tag-2 Ins-tag-3 Ins-tag-4 Ins-tag-5
Occ-tag-2 Occ-tag-3 Occ-tag-4 Occ-tag-5 Occ-tag-6
ĊĊĊĊĊĊĊĊĊ
 
Fig.5. structure of assembly tree 
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Fig.6. thruster assembly relationships information 
5.2 Dimension chain generation 
System establish two closed dimension chains along the 
axial of thruster propeller shaft and vertical shaft and forming 
another dimension chain among the tail of propeller shaft, 
yoke and propeller hub. These parts are directly related to 
propeller blade assembly and affects the performance of 
propulsion device. Therefore, the dimension chain is analysed 
and optimized as an example in the system. Regard the 
internal and outer diameter of yoke as the composition loop, 
the yoke wall thickness is the closed link. 
5.3 Tolerance optimization and analysis 
Yoke is a hollow shaft parts, and itsinternal diameter of the 
preliminary design isߔͳ͹Ͳା଴Ǥ଴଴଴ା଴Ǥ଴଺ଷ. The value of propeller shaft 
outer diameter coordinate with the yoke is ߔͳ͹Ͳି଴Ǥ଴ସ଴ି଴Ǥ଴଴଴ , 
using ͺȀ͹ clearance to fit it. Yoke’s outer diameter 
isߔʹ͵Ͳି଴Ǥ଴଻ଽି଴Ǥ଴ହ଴ , and the internal diameter of propeller hub 
coordinate with it isߔʹ͵Ͳା଴Ǥ଴଴଴ା଴Ǥ଴ସ଺, usingH7/f6 clearance to fit it. 
The value of the wall thicknessis is negative accordance with 
the principle of into the body. The value of wall thickness 
is െ͵Ͳି଴Ǥ଴଻ଵି଴Ǥ଴ଶହ  calculated by the limit law, with upper 
deviation ǣ ௨ܶ ൌ െʹͻǤͻʹͻǡ and lower deviation: ௟ܶ ൌ
െʹͻǤͻ͹ͷmm. Then measurement operation is established. 
The number of times of simulations is N = 10000. The 
simulation results is shown in Fig 7.The average value of wall 
thickness (Ɋ) is -29.9520mm, and the standard deviation (ɐ) is 
ͲǤͲͲͷ͹mm by the assembly simulation apparent from Fig 7(a). 
The case of wall thickness value exceeding the limit does not 
appear. As shown in Fig7 (b), the tolerance of yoke hole 
features is the main reason affecting closed link of wall 
thickness. Process capability index Cpk is 1.3331, from Table 
1. Cpk rating criteria table that the process belonging to A-
level thresholds should endeavour to increase the Cpk value 
and improve reliability. 
According to the formula (3),(4),(5), it can conclude that: 
ܥ௣௞ ൌ
ଶሺ ೠ்ି்೗ሻିȁଶఓିሺ ೠ்ା்೗ሻȁ
ଵଶఙ (6) 
From the value of ߤ and the formula(6), which in order to 
make the Cpk value increases, and the value of ௨ܶ ൅ ௟ܶshould 
be reduced, while the ௨ܶ absolute value increased. The 
tolerance of the composition link should be adjusted: the 
yoke’s internal diameter is ߔͳ͹Ͳା଴Ǥ଴଴଴ା଴Ǥ଴ସ଴ and the outer diameter 
is ߔʹ͵Ͳି଴Ǥ଴ସସି଴Ǥ଴ଵହ .The thickness of Wall can be calculated 
asെ͵Ͳି଴Ǥ଴ସଶ଴ି଴Ǥ଴଴଻ହ. Meanwhile the diameter dimension of propeller 
shaft segment fit the internal diameter of the yoke should be 
adjusted toߔͳ͹Ͳି଴Ǥ଴ଷଽି଴Ǥ଴ଵସ.And the internal diameter of propeller 
hub is ߔʹ͵Ͳା଴Ǥ଴଴଴ା଴Ǥ଴ସ଺ .the͹Ȁ͸ clearance is used to fit it. The 
simulation results obtained again shows process capability is 
improved by adjusting the tolerance factor and Cpk = 1.4039. 
The sensitivity distribution of the closed link tolerances tend 
to be more uniform and more reasonable. 
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(a) 
 
(b) 
Fig 7. Simulation results 
6. Conclusion 
Adjustable pitch lateral propulsion is an important control 
device on a ship heading. Once failure occurs, the ship will 
free from manipulation and deviant off course. In this paper, 
UG secondary development tools is used to extract assembly 
information and automatically generate the dimension chain. 
The optimal tolerance allocation scheme of the propulsion can 
be obtained by the powerful analysis and simulation 
capabilities of Vis-VSA. Research results and conclusions are 
as follows: the assembly information model of thruster is 
established, and the assembly dimension chain automatically 
generated by the use of UG secondary development tool. The 
theoretical basis for the system tolerance analysis module has 
been analysed, and tolerance analysis process for the chain of 
thruster assembly dimension based on the Monte Carlo 
method has been established. The systems select the assembly 
process for yoke and propeller shaft and propeller hub using 
the analysis application, and ultimately obtain an optimal 
tolerance allocation scheme. Research work in this paper will 
contribute to ensure the quality of thruster assembly, shorten 
assembly time, which have significance to improve the 
assembly accuracy and precision of the devices’ installation.  
Meanwhile it has an important reference value for other 
products on the assembly tolerance analysis. 
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